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SUPPORTING*ONLINE*MATERIAL* *

Materials*and*Methods* *

Plant*materials*and*growth*conditions.*For$the$positional$cloning$of$RAE2,$we$used$8,000$F2$plants$derived$

from$the$cross$between$O.'sativa$ssp.$japonica$cv.$Koshihikari$and$GLSL25,$a$chromosome$segment$

substitution$line$(CSSL)$carrying$approximately$11.5$Mb$of$O.'glaberrima$Acc.$IRGC104038$chromosome$8$

fragment$in$Koshihikari$background.$The$plant$materials$were$grown$in$the$research$field$of$Nagoya$

University,$Japan.$For$RAE2$complementation$test$and$overexpression$test,$the$awnless$O.'sativa$ssp.$

japonica'cv.$Taichung65$(T65)$and$Nipponbare$were$used$for$transformation.$For$the$RNAi$test,$the$awned$

CSSL$line$GIL116$carrying$a$chromosome$8$fragment$of$IRGC104038$in$T65$background$(Fig.$S2)$was$used$

to$suppress$RAE2$expression.$Since$Koshihikari$have$low$regeneration$ability$in$the$mature$seed$culture$

system$(41),$Nipponbare$and$T65$were$used$instead.$The$transgenic$plants$were$grown$in$isolated$

greenhouses$under$long$day$condition$until$the$ten>leaf$stage,$and$transferred$to$short$day$condition$until$

flowering.$Information$on$accessions$used$for$the$diversity$and$selective$sweep$analyses$are$listed$in$Table$

S2$and$S4.$ $

$

Primers.$The$primers$used$in$this$study$are$listed$in$Table$S7.$

$

Plasmid*construction.$The$BAC$clone$Ogla0006B21$harboring$the$entire$80$kb$candidate$region$was$

screened$from$the$CG14$BAC$library$and$sequenced$by$shotgun$sequencing.$The$BAC$sequence$was$

assembled$using$the$GENETYX$software$package$(GENETYX$Co.,$Tokyo,$Japan).$The$annotated$genes$were$

compared$with$gene$annotations$of$Nipponbare$(O.'sativa)$in$RAP>DB$

(http://rapdb.dna.affrc.go.jp/viewer/gbrowse/build4).$The$BAC$clone$was$partially$digested$with$Sau3AI,$

yielding$10>30$kb$fragments$which$were$then$sub>cloned$into$the$binary$vector$TAC7.$Five$sub>clones$that$

cover$the$entire$80$kb$candidate$region$were$selected$and$used$for$the$complementation$tests.$Sub>clones$

#33$and$#89$harbor$the$entire$RAE2$gene.$For$complementation$test$of$RAE2,$the$full$cDNA$sequence$of$

RAE2$including$3$kb$upstream$of$the$start$codon$and$1$kb$downstream$of$the$stop$codon$of$the$gene$was$

cloned$into$pENTR/D>TOPO$(Invitrogen)$and$transferred$into$pGWB501$(42)$through$Gateway$cloning$

technology$(Invitrogen)$to$develop$the$transformation$construct$pRAE2::RAE2.$For$4$types$of$RAE2$

overexpression,$we$used$modified$pCAMBIA1380$including$OsACTIN1$promoter.$Four$RAE2$DNA$fragments$

were$PCR>amplified$from$cDNA$and$cloned$into$modified$pCAMBIA1380$treated$with$BamHI$and$HindIII.$

For$making$RAE2$overexpression$construct$fused$with$3xFLAG,$firstly$KU71$and$KU72$(Table$S7)$were$used$

to$make$primer$dimer$then$cloned$into$modified$pCAMBIA1380$treated$with$NcoI.$RAE2$DNA$fragments$

were$PCR>amplified$from$cDNA$by$KU73$and$KU75$(Table$S7)$and$cloned$into$modified$pCAMBIA1380$

fused$with$3xFLAG$treated$with$XbaII$and$HindIII.$For$RNAi$silencing,$200$bp$of$3’UTR$in$RAE2$was$cloned$

into$pENTR/D>TOPO$and$transferred$into$pANDA$(43,$44)$through$Gateway$cloning$technology.$The$

constructs$were$used$for$the$standard$protocol$of$Agrobacterium$(strain$EHA105)>mediated$rice$



transformation.$Transgenic$lines$were$selected$on$Murashige$&$Skoog$medium$plates$containing$50$mg$

hygromycin$(Sigma).$To$make$the$recombinant$RAE2$pro>peptide$construct,$the$RAE2$overexpression$

construct$fused$with$3xFLAG$used$as$template$and$encoding$the$pro>RAE2$(from$91>AGG…CCC>375)$

without$stop$codon$was$PCR>amplified$by$PRO>f$and$PRO>r$(Table$S7).$Pro>RAE2$amplicon$cloned$into$

pET32a(+)$vector$(Novagen)$treated$with$EcoRV$and$XhoI.$This$construct$used$as$template$for$making$a$

series$of$muRAE2$constructs$which$are$alanine>substituted$around$cleavage$region$made$by$site$directed$

mutagenesis$according$to$the$protocol.$

$

Phenotypic*evaluation.*Panicles$of$the$parental$plants$(Koshihikari$and$each$CSSL)$and$transgenic$plants$

(BAC$sub>clones$and$RAE2$genomic$fragment$complementation$lines,$RNAi$lines$and$overexpression$lines)$

were$harvested$after$seed$maturation.$Panicles$were$sampled$from$10$plants$to$measure$awn$length$and$

frequency$of$awned$seeds.$Frequency$of$awned$seeds$per$panicle$was$calculated$as$the$number$of$awned$

seeds$(5$mm<)$per$panicle$divided$by$the$total$number$of$seeds$per$panicle.$Measurements$for$each$

complementation$line$and$RNAi$line$are$shown$in$Table$S1.$ $

$

RNA*isolation*and*quantitative*RTGPCR.$Total$RNA$was$extracted$by$RNeasy$Plant$Mini$Kit$(QIAGEN),$

whereas$first>strand$cDNA$synthesis$was$performed$using$the$Omniscript$RT$Kit$(QIAGEN).$StepOneTM$

Real>Time$PCR$system$(Applied$Biosystems)$was$used$to$analyze$the$relative$expression$levels$of$the$target$

genes$(e.g.$RAE2,$rae2).$Relative$expression$levels$of$the$target$genes$were$normalized$to$the$levels$of$

endogenous$ubiquitin$transcripts$(OsUBI).$Each$set$of$experiments$was$repeated$three$times,$and$the$

Comparative$CT$method$(△△CT$Method)$was$used$to$calculate$the$relative$expression$levels$of$the$target$

genes.$For$qRT>PCR$analysis$of$RAE2$and$rae2,$various$plant$parts$(leaf$blade,$leaf$sheath,$stem,$root$and$

panicle)$of$Koshihikari$and$GLSL25$were$used.$Leaf$blade,$leaf$sheath$and$roots$were$obtained$from$plants$

that$were$<$15$cm$in$height.$Stems$and$panicles$(<1$cm)$were$obtained$from$the$plants$24$days$after$

transplanting$under$short$day$condition.$Error$bar$indicates$standard$deviation$of$the$mean.$

$

Semi*quantitative*RTGPCR.*RT>PCR$was$performed$in$a$50$μL$solution$containing$a$2.5$μL$aliquot$of$cDNA$

as$the$DNA$template,$0.2$μM$gene>specific$primers$(see$Table$S7),$10$mM$deoxynucleotide$triphosphates,$

1$unit$of$ExTaq$DNA$polymerase$(Takara),$and$reaction$buffer.$Amplifications$of$OsACTIN1$cDNAs$was$used$

as$internal$control.$The$reaction$included$an$initial$5>min$denaturation$at$94°C,$followed$by$25$cycles$of$

PCR$(94°C$for$30$s,$56°C$for$30$s,$and$72°C$for$30$s),$and$a$final$5>min$extension$at$72°C.$The$number$of$

cycles$used$for$amplification$with$each$primer$pair$was$adjusted$to$be$in$the$linear$range.$All$RT>PCR$data$

are$representative$of$at$least$three$independent$experiments.$

$

Scanning*electron*microscopy.*Developmental$stages$are$classified$into$Sp7,$Sp8,$and$post$Sp8$according$

to$Oryzabase$classification$(http://www.shigen.nig.ac.jp/rice/oryzabase/devstageineachorgan/list).$The$

young$panicles$of$Koshihikari$and$GLSL25$were$fixed$in$starch>based$glue$for$microscopic$observation.$The$

samples$were$viewed$using$the$SEM$(S>3000N,$Hitachi,$Tokyo,$Japan)$scanning$electron$microscope$which$



was$set$at$>5°C$inside$temperature$and$at$3.2$kV.$

$

in#situ*hybridization.$Plant$materials$were$fixed$in$4%$(wt/vol)$paraformaldehyde$and$0.25%$(vol/vol)$

glutaraldehyde$in$0.1$M$sodium$phosphate$buffer$(pH$7.2)$overnight$at$4°C,$dehydrated$through$a$graded$

ethanol$series$followed$by$a$t>butanol$series,$and$finally$embedded$in$Paraplast$Plus$(Sherwood$Medical).$

Microtome$sections$(8>10$μm)$were$mounted$on$adhesive$glass$slides$(Matsunami$Glass$Ind.,$Ltd).$

Digoxygenin>labeled$RNA$probes$were$transcribed$with$T7$RNA$polymerase.$The$probes$were$amplified$

using$the$respective$primer$set$for$RAE2$and$rae2$and$cloned$into$the$pBluescript$II$SK+$and$pBluescript$II$

KS+$vectors.$Hybridization$and$immunological$detection$of$the$hybridized$probes$were$performed$

according$to$a$described$method$(45)$with$some$modifications.$

*

Protein*extraction*and*immunoblot*analysis.$Crude$protein$extracts$from$several$organs$(e.g.$callus,$stem,$

leaf$and$spikelet)$of$pAct::RAE2>3xFLAG$transgenic$plants$in$the$background$of$Nipponbare$were$prepared$

by$grinding$with$liquid$nitrogen.$Total$protein$was$extracted$with$3.0$mL$protein$extraction$buffer$(20$mM$

Tris>HCl$(pH$7.5),$1$mM$EDTA,$150$mM$2%$Protease$inhibitor$cocktail$(Complete,$Roche),$0.1%$TritonX).$

After$centrifugation,$supernatant$mixed$with$an$equal$volume$of$2×$sample$buffer$(135$mM$Tris>HCl,$pH$

6.8,$4%$SDS,$20%$glycerol,$0.2$w/v$%$bromphenol$blue,$200$mM$DTT)$and$boiling$for$5$min.$Protein$

samples$were$separated$by$15%$SDS>PAGE$and$transferred$to$PVDF$membrane$(0.2$μm$pore$size,$Millpore)$

by$semi>dry$blotting.$The$blots$were$treated$with$5%$skim$milk$in$TBST$(0.1w/v%$Tween20,$2$mM$Trisma$

Base,$13.7$mM$NaCl$,$pH$7.4)$for$1$h$and$subsequently$incubated$with$anti>FLAG$antibody$(1:3,000)$(v/v)$

(A8592,$Sigma)$for$2$h.$Blots$were$washed$three$times$with$TBS>T$for$10$min$each.$Goat$anti>mouse$IgG$

horseradish$peroxidase–conjugated$secondary$antibody$was$incubated$for$1$h,$and$blots$were$washed$

following$the$same$procedure$described$above.$All$reactions$were$conducted$at$room$temperature.$

Detection$of$peroxidase$activity$was$performed$according$to$the$instruction$manual$from$Pierce$(Thermo$

Fisher,$Massachusetts,$USA).$

$

Purification*of*recombinant*RAE2.*The$recombinant$RAE2$pro>peptide$construct$is$fused$with$3xFLAG$in$

C>terminus$without$stop$codon$for$detection$by$FLAG$antibody.$The$construct$detail$is$described$above.$

This$fusion$RAE2$peptide$and$a$series$of$amino$acid$substitution>mutated$peptides$(muRAE2)$were$

expressed$in'E.'coli'strain$Rosetta$(DE3)$pLysS$(NOVAGEN).$The$expressed$recombinant$proteins$were$

purified$by$TALON$beads$(Clontech)$according$to$the$manufacturer’s$instructions.$The$beads$were$washed$

5$times$with$a$wash$buffer$(50$mM$Tris>HCl,$100$mM$NaCl,$0.1$%$TritonX,$1$mM$imidazole)$and$the$

recombinant$proteins$were$collected$using$the$elution$buffer$(50$mM$Tris>HCl,$100$mM$NaCl,$0.1$%$TritonX,$

10$mM$imidazole).$The$production$of$recombinant$peptides$was$confirmed$by$15%$SDS>PAGE.$

$

in#vitro*processing*assay.*To$prepare$the$plant$extracts,$1.0$g$of$each$rice$tissue$(callus,$leaf,$stem,$spikelet$

(<1$cm))$was$collected$and$ground$in$liquid$nitrogen$following$the$procedure$described$above.$The$ground$

extract$was$centrifuged$(15,000$rpm$for$30$min$at$4°C)$and$the$resulting$supernatant$was$used$for$the'in'



vitro$processing$assay.$For$the$assay,$0.5$µg$of$pro>RAE2>3xFLAG$protein$or$other$mutant$proteins$were$

mixed$with$10$µg$of$each$plant$extract$and$incubated$for$2$h$at$room$temperature$with$or$without$0.1%$

protease$inhibitor$cocktail$(Complete,$Roche).$The$concentration$of$recombinant$peptides$was$determined$

using$the$Bio>Rad$Protein$Assay$(Bio>Rad$Laboratories).$After$incubation$the$peptides$were$separated$by$

15%$(Fig.$4C$and$Fig.$S10D)$or$20%$(Fig.4A,$4E$and$S10E)$SDS>PAGE.$Immunoblotting$was$performed$

following$the$procedure$described$above.$We$used$anti>FLAG$antibody$(1:3,000)$(v/v)$for$Fig.$4A,$4C,$4E$

and$S10E$and$anti>RAE2$antibody$(1:1,000)$(v/v)$for$Fig.$S10D$as$primary$antibody.$

*

Specific*antibody.*A$peptide$antigen$with$7>amino>acid$(NH>$119$RDRLFDP$125$>COOH)$in$C>terminal$region$

of$RAE2$was$synthesized,$purified,$and$conjugated$with$keyhole$limpet$hemocyanin.$The$conjugate$was$

injected$into$a$rabbit$to$induce$the$production$of$anti>RAE2$polyclonal$antibodies.$These$antibodies$were$

purified$from$the$rabbit$serum$using$a$HiTrap$NHS>activated$HP$column$(GE$Healthcare)$conjugated$with$

the$7>amino>acid$antigen$peptide$in$accordance$with$the$manufacturer’s$protocol.$

$

Phylogenetic*tree.*RAE2$sequence$was$identified$through$reciprocal$best>BLAST$match$searches$of$the$

Phytozome$and$National$Center$for$Biotechnology$Information$(NCBI)$databases.$Accession$numbers$or$

locus$IDs$of$EPF/EPFLs$were$derived$from$the$NCBI$database.$Amino$acid$sequences$for$the$C>terminal$

mature$peptide$region$were$aligned$using$the$ClustalW$program.$The$number$of$amino$acid$substitutions$

between$each$pair$of$EPF/EPFL$proteins$was$estimated$using$the$Jones>Taylor>Thornton$(JTT)$model$with$

complete>deletion$option.$The$phylogenetic$tree$was$reconstructed$by$the$neighbor>joining$method.$

Bootstrap$values$were$estimated$(with$1000$replicates)$to$assess$the$relative$support$for$each$branch,$and$

bootstrap$values$were$labeled$with$cutoff$at$50.$To$construct$the$phylogenetic$tree,$the$neighbor>joining$

method$in$MEGA$version$6.1$was$used.$

$

RAE2* 3GD* conformation* modeling.* Three>dimensional$ structures$ of$ RAE2$ peptide$ were$ predicted$ by$

homology$modeling$ system$of$ the$Mäestro$ (Schrödinger,$NY,$USA)$ software.$The$ structure$of$ Stomagen$

(protein$ database$ ID:$ 2LIY)$ determined$ by$ NMR$ was$ used$ as$ the$ template.$ Pairwise$ alignment$ was$

improved$manually$ by$minor$ editing$ based$ on$ the$ secondary$ structure$ predictions$ and$ disulfide$ bonds$

were$ allowed$ to$ form$ during$ the$ modeling.$ The$ hypothetic$ structure$ of$ rae2$ (OsEPFL1)$ could$ not$ be$

modelled$because$it$lost$two$cysteine$residues$(C5$and$C6)$and$did$not$fit$the$Stomagen$template.$Yellow:$

cysteine$residues,$red:$disulfide$bonds$and$atoms,$blue:$antiparallel$beta$sheets.$

$

Diversity*analysis.*PCR$products$amplifying$the$RAE2$gene$were$assayed$for$polymorphisms$using$BigDye$

Terminator$v3.1$Cycle$Sequencing$Kit$and$analyzed$with$CodonCode$Aligner$6.0.2.$All$sequences$were$

aligned$to$the$rice$reference$genome$(cv.$Nipponbare)$and$predicted$cDNAs$were$extracted$and$translated.$

SNPs$and$indels$detected$were$used$to$construct$RAE2$gene$haplotypes$(n=123$with$full$sequence).$

Polymorphisms$with$a$minor$allele$count$(MAC)$<1$were$filtered$out$for$gene$haplotype$construction$



unless$they$represented$a$frameshift$mutation.$The$geographical$map$displaying$origin$of$diverse$rice$

accessions$was$created$using$R$package$‘maps.’$ $

$

Selective*Sweep*Analysis.$67$O.'sativa$and$65$O.'rufipogon/O.'nivara$accessions$were$analyzed$for$

evidence$of$selective$sweep$listed$in$Table$S4.$SNP$information$on$the$O.'sativa$set$were$extracted$from$

re>sequencing$data$(unpublished,$McCouch)$and$imputed$for$RAE2$protein$variant$(4C,$6C,$7C)$using$tag$

SNPs$from$a$rice$SNP$array$identified$on$an$overlap$set$of$O.'sativa$that$were$Sanger$Sequenced$in$the$

diversity$analysis$(46).$SNP$data$on$the$O.'rufipogon/O.'nivara$set$were$derived$from$

Genotyping>By>Sequencing$(GBS)$information$on$chromosome$8$(unpublished,$McCouch).$An$overlap$SNP$

set$between$the$re>sequencing$data$(1,137,573$markers$on$chromosome$8)$and$the$GBS$data$(34,267$

markers$on$chromosome$8)$were$used$for$estimation$of$nucleotide$diversity$and$distance.$π$(nucleotide$

diversity)$and$d$(distance$between$groups)$statistics$were$calculated$using$sliding$windows$of$100$SNPs,$

with$step$size$2$variants,$across$chromosome$8$(47).$We$enumerated$the$sequence$differences$between$a$

given$pair$of$DNA$segments$and$calculated$sequence$differentiation$using$the$Jukes>Cantor$model$(48).$

Genetic$distances$between$population$pairs$and$nucleotide$diversity$within$populations$were$estimated$

based$on$Nei$(1973)$(49).$To$enable$comparisons$between$different$analyses,$we$estimated$per>kb$values$

of$π$and$d$by$dividing$the$total$value$for$a$window$by$the$reference$map$distance$(in$kb)$between$the$first$

and$last$SNP.$Since$only$sub>sets$of$sites$on$the$chromosome$was$covered$by$sequence,$this$procedure$

results$in$a$drastic$underestimate$of$π$and$d.$However,$the$degree$of$underestimation$is$the$same$across$

groups$so$values$are$comparable$within$our$data$set.$ $

*
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Fig.%S1.%Posi+onal%cloning%and%complementa+on%test%of%RAE2.!
(A)!Gross!morphology!of!the!panicles!of!GLSL25!(awned)!and!Koshihikari!(awnless).!F1!
derived!from!the!cross!between!Koshihikari!and!GLS25!showed!an!awn!phenotype,!
whereas!the!F2!populaDon!segregated!into!awned!and!awnless!at!a!3:1!raDo,!
indicaDng!the!dominance!of!the!RAE2!gene!from!O.#glaberrima.!(B)!RAE2!was!further!
delimited!to!an!80!kb!genomic!region!between!the!markers!8KG23941!and!
8KG24021.!(C)!Blue!and!red!arrows!represent!the!12!genes!within!the!candidate!
region.!The!orange!line!represents!BAC!clone!from!CG14!(O.#glaberrima);!
Ogla0006B21!overlapped!enDrely!with!the!80kb!candidate!region!on!chromosome!8.!
(D)!Five!subTclones!(#9,!#59,!#33,!#89,!#2T82)!constructed!from!Ogla0006B21!by!
parDal!digesDon!with!Sau3AI.!(E)!Seed!phenotypes!of!transgenic!lines!derived!from!
each!subTclone!construct!in!cv.!Taichung65!(T65,!O.#sa/va!ssp.!japonica)!geneDc!
background.!Transgenic!lines!carrying!the!subTclones!#33!containing!29!kb!and!#89!
containing!13kb!fragment!exhibited!the!awned!phenotype.!Line!#33!had!shorter!
awns!than!#89,!despite!having!a!larger!region!from!O.!glaberrima.!This!suggests!that!
subclone!#33!contains!cisTelements!or!closely!linked!genes!that!repress!awn!
elongaDon.!Bar!length!is!1!cm.!(F)!Frequency!of!awned!seeds!per!panicle,!(G)!Awn!
length!of!transgenic!lines!of!BAC!subTclone!constructs.!n.d.=not!detected.!#33!had!
shorter!awns!than!#89.!It!is!possible!that!cisTelements!or!genes!which!caused!the!
repression!of!awn!elongaDon!are!included!in!the!longer!segment!of!#33.!Error!bars!
represent!standard!deviaDon!of!the!mean.!



Fig. S1. Positional cloning and complementation test of RAE2. 
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Fig.%S2.%Seed%phenotype%and%graphical%genotype%of%Taichung65%(T65)%and%the%
chromosome%segment%subs+tu+on%line,%GIL116.!
Pink!segment!represents!O.#sa/va!ssp.!japonica!cv.!Taichung65!(T65,)!chromosomes!
and!green!segment!represents!O.#glaberrima!IRGC104038!chromosome!segment.!Bar!
length!is!1!cm.!

IRGC104038 (O. glaberrima)�
T65 (O. sativa ssp. japonica)�

GIL116�T65�

(Bessho- Uehara et al. 2016)�
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Fig.%S3.%Phylogene+c%tree%of%EPF/EPFL%family%genes%and%
comparison%of%the%sequences%in%cysteineNrich%region.!
(A)!NeighborTjoining!phylogeneDc!tree!of!EPF/EPFL!genes.!
Amino!acid!sequences!for!the!cysteineTrich!region!were!
aligned!using!the!ClustalW!program.!The!percentage!of!
replicate!trees!in!which!the!associated!taxa!clustered!together!
in!the!bootstrap!test!(1,000!replicates)!is!shown!next!to!the!
branches!(values!50%!or!greater!are!shown).!The!tree!is!drawn!
to!scale,!with!branch!lengths!in!the!same!units!as!those!of!the!
evoluDonary!distances!used!to!infer!the!phylogeneDc!tree.!The!
evoluDonary!distances!were!computed!using!the!JTT!matrixT
based!method!and!are!in!the!units!of!the!number!of!amino!
acid!subsDtuDons!per!site.!EvoluDonary!analyses!were!
conducted!in!MEGA6.!At:!Arabidopsis#thaliana,!Os:!Oryza#
sa/va,!Tu:!Tri/cum#urartu,!Hv:!Hordeum#vulgare,!Bd:!
Brachypodium#distachyon.!Each!clade!is!consistent!with!
previous!report!(24)!except!AtEPFL8!clade.!Gray!colored!
character!indicates!RAPTDB!ID!of!O.#sa/va#EPFLs.!(B)!Alignment!
of!RAE2!cysteineTrich!region!pepDde!amino!acid!sequences!
with!the!half!member!of!AtEPFL1T3!clade!are!shown!in!Fig.!
S3A.!Pairs!of!cysteine!(C)!residues!forming!disulfide!bonds!
predicted!for!A.#thaliana!EPF/EPFL!genes!are!connected!by!
lines.!Two!cysteine!(C5!and!C6)!deleDons!in!CTterminal!region!
could!be!seen!only!in!rae2/OsEPFL1.!
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Fig. S3. Phylogenetic tree of EPF/EPFL family genes and comparison of the 
sequences in cysteine-rich region. 

AtEPFL1-3 clade 

(Os08g0485500) 

(Os04g0457700) 

(Os02g0756100) 

(Os03g0726700) 

(Os03g0672500) 

(Os07g0132300) 

(Os03g0161600) 

(Os11g0581700) 

(Os05g0476400) 

(Os01g0824500) 

(Os01g0914400) 

(Os04g0637300) 

AtEPFL8 clade 

(Bessho- Uehara et al. 2016) 

B 

A 
 AtEPFL9

 OsEPFL10

 Tu_EMS50558

 Hv_BAJ92929

 AtEPF1

 AtEPF2

 Tu_EMS53208

 OsEPF2

 OsEPF1

 AtEPFL7

 AtEPFL8

 AtEPFL4

 AtEPFL5

 OsEPFL7

 OsEPFL6

 Hv_BAK05958

 AtEPFL6

 OsEPFL8

 Hv_BAJ88073

 OsEPFL9

 AtEPFL2

 Bd1g57800

 OsEPFL5

 OsEPFL3

 OsEPFL4

 Bd1g12720

 AtEPFL1

 OsEPFL2

 Bd3g58660

 AtEPFL3

 Bd3g38740

 rae2/OsEPFL1

 RAE2

88

53

98

75

92

100

99

96

81

73

91

50

81

58

63

68

69

89

64

86

61

82

52

0.1

Figure. Evolutionary relationships of taxa  
The evolutionary history was inferred using the Neighbor-Joining method [1]. The optimal tree with the sum of branch length = 7.81357200 is 
shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to 
the branches [4]. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the 
phylogenetic tree. The evolutionary distances were computed using the JTT matrix-based method [2] and are in the units of the number of amino 
acid substitutions per site. The analysis involved 33 amino acid sequences. All positions containing gaps and missing data were eliminated. There 
were a total of 26 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 [3]. 
 
 
1. Saitou N. and Nei M. (1987). The neighbor-joining method: A new method for reconstructing phylogenetic trees. Molecular Biology and 
Evolution 4:406-425. 
2. Jones D.T., Taylor W.R., and Thornton J.M. (1992). The rapid generation of mutation data matrices from protein sequences. Computer 
Applications in the Biosciences 8: 275-282. 
3. Tamura K., Stecher G., Peterson D., Filipski A., and Kumar S. (2013). MEGA6: Molecular Evolutionary Genetics Analysis version 6.0. Molecular 
Biology and Evolution30: 2725-2729. 
4. Felsenstein J. (1985). Confidence limits on phylogenies: An approach using the bootstrap. Evolution 39:783-791. 

AtEPFL1 1 LGSTPPSCHNRCNNCHPCMAIQVPTLPTRSR-FTRVNPFSGGFVRPPSSLTTVLDQYSNYKPMGWKCHCNGHFYNP 75
OsEPFL2 1 LGSTPPSCHNRCNACNPCTPVQVAALPGVSRPASAADRVD----------VAGFAQYSNYKPLGWKCRCAGRLFDP 66
Bd3g58660 1 LGSTPPSCHNRCNACNPCKPVQVTTLHGG---AARLDIQK----------AAADAQYSNYKPLGWKCRCAGRLYNP 63
AtEPFL3 1 IGSKPPSCEKKCYGCEPCEAIQFPT-------ISSIPHLS--------------PHYANYQPEGWRCHCP----PP 51
Bd3g38740 1 LGSSPPSCRNKCYQCSPCGAVQVPSLAAPAGPATTAQEAPP-----------VVPLSNNYKPLWWKCQCRDRLYDP 65
rae2/OsEPFL1 1 LGSSPPSCYSKCYGCSPCVAVQVPTLSAPSVPAAAAPRTTP---------------RRSWR----RSPTTSR---- 53
RAE2 1 LGSSPPSCYSKCYGCSPCVAVQVPTLSAPSVPAAAAAHDAAP----------LVATFTNYKPLGWKCQCRDRLFDP 66

AtEPFL1 1 LGSTPPSCHNRCNNCHPCMAIQVPTLPTRSR-FTRVNPFSGGFVRPPSSLTTVLDQYSNYKPMGWKCHCNGHFYNP 75
OsEPFL2 1 LGSTPPSCHNRCNACNPCTPVQVAALPGVSRPASAADRVD----------VAGFAQYSNYKPLGWKCRCAGRLFDP 66
Bd3g58660 1 LGSTPPSCHNRCNACNPCKPVQVTTLHGG---AARLDIQK----------AAADAQYSNYKPLGWKCRCAGRLYNP 63
AtEPFL3 1 IGSKPPSCEKKCYGCEPCEAIQFPT-------ISSIPHLS--------------PHYANYQPEGWRCHCP----PP 51
Bd3g38740 1 LGSSPPSCRNKCYQCSPCGAVQVPSLAAPAGPATTAQEAPP-----------VVPLSNNYKPLWWKCQCRDRLYDP 65
rae2/OsEPFL1 1 LGSSPPSCYSKCYGCSPCVAVQVPTLSAPSVPAAAAPRTTP---------------RRSWR----RSPTTSR---- 53
RAE2 1 LGSSPPSCYSKCYGCSPCVAVQVPTLSAPSVPAAAAAHDAAP----------LVATFTNYKPLGWKCQCRDRLFDP 66



Fig.%S4.%Predicted%3ND%structure%of%RAE2%and%Stomagen.!
HypotheDcal!3TD!structure!of!the!mature!pepDde!region!of!RAE2!and!Stomagen!
modeled!using!the!homology!modeling!system!of!the!Mäestro!(Schrödinger,!NY,!USA)!
sojware.!Yellow:!cysteine!residues,!red:!disulfide!bonds!and!atoms,!blue:!anDparallel!
beta!sheets.!Yellow!number!indicates!the!cysteine!residue’s!locaDon.!The!hypotheDc!
structure!of!rae2/OsEPFL1!could!not!be!modelled!because!it!lost!two!cysteine!
residues!(C5!and!C6)!and!did!not!fit!the!Stomagen!template.!

(Bessho- Uehara et al. 2016)�
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Fig.%S5.%RAE2%sequence%comparison%between%O.%sa*va%ssp.%
japonica%cv.%Koshihikari%and%O.%glaberrima%IRGC104038%.%!
(A)!SchemaDc!image!of!the!RAE2!and!rae2!gene.!GrayTcolored!
boxes!in!the!gene!model!indicate!exonic!regions,!white!boxes!
indicate!UTRs,!and!the!line!represents!the!promoter!region,!
single!intronic!region!and!the!terminator!region!of!RAE2.!Blue!
lines!in!the!promoter!region!represent!SNPs!posiDon!and!red!
lines!represent!inserDon!in!rae2/OsEPFL1!(Os08g048550)!of!
Koshihikari!(O.#sa/va#ssp.!japonica)!compared!with!
IRGC104038!(O.#glaberrima).!Koshihikari!and!Nipponbare!have!
the!same!rae2!sequence.!(B)!Comparison!of!the!RAE2!coding!
sequence!in!Koshihikari!and!IRGC104038.!Koshihikari!has!12!bp!
inserDon!in!the!first!exon,!and!2!bp!inserDon!in!the!second!
exon!as!represented!by!the!red!square.!The!double!red!line!
represent!GCTrich!repeat!region!in!Fig.!S7A.!(C)!Comparison!of!
the!RAE2!amino!acid!sequence!between!Koshihikari!and!
IRGC104038.!The!inserDon!in!the!second!exon!caused!a!
frameshij!mutaDon!in!rae2.!



Fig. S5. RAE2 sequence comparison between O. sativa ssp. japonica cv. 
Koshihikari and O. glaberrima IRGC104038 . 

B 

A 

C 

rae2/OsEPFL1 1 ATGAGGACGGCGGCCACGCCGCCTCTCGCCGCCGCCGCCGCCGCCGTCGCGGCAGTGTTCCTCTCTGCGT 70
RAE2 1 ATGAGGACGGCGGCCACGCCGCCTCTCGCCGCCGCCGCCGCCGCCGTCGCGGCAGTGTTCCTCTCTGCGT 70

rae2/OsEPFL1 71 TGCTGCTCGCCTCCGCCTCCGCCTCCGCCTCCAGGCTCCCTCCTCCTCGCCGTCTTCTTCCCCTGGTTGG 140
RAE2 71 TGCTGCTCGCCTCCGCCTCC------------AGGCTCCCTCCTCCTCGCCGTCTTCTTCCCCTGGTTGG 128

rae2/OsEPFL1 141 TGGCGAGGTGGCGGTGGCGGTGGTGGCTGGGGAGGAGGAGAAGGTGCGGCTGGGGTCGAGCCCGCCGAGC 210
RAE2 129 TGGCGAGGTGGCGGTGGCGGTGGTGGCTGGGGAGGAGGAGAAGGTGCGGCTGGGGTCGAGCCCGCCGAGC 198

rae2/OsEPFL1 211 TGCTACAGCAAGTGCTACGGGTGCAGCCCGTGCGTCGCGGTGCAGGTGCCCACCTTGTCCGCCCCGTCCG 280
RAE2 199 TGCTACAGCAAGTGCTACGGGTGCAGCCCGTGCGTCGCGGTGCAGGTGCCCACCTTGTCCGCCCCGTCCG 268

rae2/OsEPFL1 281 TCCCCGCCGCCGCCGCGCCGCGCACGACGCCGCGCCGCTCGTGGCGACGTTCACCAACTACAAGCCGCTA 350
RAE2 269 TCCCCGCCGCCGCCGC--CGCGCACGACGCCGCGCCGCTCGTGGCGACGTTCACCAACTACAAGCCGCTA 336

rae2/OsEPFL1 351 G----------------------------------------- 351
RAE2 337 GGGTGGAAGTGCCAGTGCCGCGACCGCCTGTTCGACCCCTGA 378

rae2/OsEPFL1 1 MRTAATPPLAAAAAAVAAVFLSALLLASASASASRLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 70
RAE2 1 MRTAATPPLAAAAAAVAAVFLSALLLASAS----RLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 66

rae2/OsEPFL1 71 CYSKCYGCSPCVAVQVPTLSAPSVPAAAAPRTTPRRSWRRSPTTSR 116
RAE2 67 CYSKCYGCSPCVAVQVPTLSAPSVPAAAAAHDAAPLVATFTNYKPLGWKCQCRDRLFDP 125

(Bessho- Uehara et al. 2016) 
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Fig.%S6.%TissueNspecific%expression%of%RAE2%during%awn%development.!
(A)!Upper!drawing!shows!a!spikelet!and!lower!drawing!represents!an!image!of!the!
transverse!secDon!of!a!spikelet.!(BNG)!in#situ!hybridizaDon!with!rae2!anDsense!probe!
(B,%C),!RAE2!probe!(E,%F)!and!sense!probes!(D,%G)!during!the!post!Sp8!stage!in!
Koshihikari!and!GLSL25.!RAE2!is!expressed!in!the!vascular!bundle!and!outer!layer!of!
palea!and!lemma!(indicated!by!blue!and!red!arrow!head,!respecDvely).!The!strong!
signals!are!evident!in!the!tapetal!cells!of!stamens!(indicated!by!green!asterisk)!(E).!
Expression!of!RAE2!in!the!vascular!bundle!of!Koshihikari!is!weaker!compared!to!that!
of!GLSL25!(C,%F).!

(Bessho- Uehara et al. 2016)�
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Fig.%S7.%RAE2%diversity%and%distribu+on%across%Asian%and%
African%rice%accessions.%!
(A)!RAE2!gene!haplotypes!across!diverse!Asian!and!African!
rice!accessions.!Polymorphic!sites!discovered!within!the!
coding!and!nonTcoding!regions!of!RAE2!of!130!diverse!rice!
accessions!are!shown!in!Table!S2.!(i)!CulDvated!Asian!rice,!(ii)!
Wild!Asian!rice,!(iii)!Wild!and!culDvated!African!rice.!
Individual!number!in!each!populaDon!used!for!this!analysis!
was!noted!in!brackets!(n=xx).!GrayTcolored!boxes!in!the!
gene!model!shown!at!the!top!of!the!figure!indicate!exonic!
regions,!white!boxes!indicate!UTRs,!and!the!line!represents!
the!single!intronic!region!of!RAE2.!‘CH’!indicates!gene!
haplotypes!present!in!culDvated!Asian!rice,!‘WH’!indicates!
gene!haplotypes!found!in!wild!Asian!rice!while!‘AFH’!
indicates!gene!haplotypes!found!in!culDvated!and!wild!
African!rice.!‘RAE!type’!shows!the!number!of!cysteine!
residues!predicted!from!translaDng!the!cDNA!sequence.!The!
value!in!column!‘GC’!represents!the!number!of!nucleoDdes!
within!a!highly!variable!GCTrich!region!of!the!RAE2!second!
exon!(indicated!in!double!red!line!as!same!as!shown!in!Fig.!
S5B).!At!all!other!sites,!blue!cells!represent!alleles!that!
match!the!reference!genome!(cv.!Nipponbare)!while!yellow!
cells!are!nonTreference!alleles.!The!numbers!of!accessions!
that!harbored!each!haplotype!are!indicated!in!the!rightT
hand!table!(tej!=!temperate!japonica,!trj!=!tropical!japonica,!
aro!=!aromaDc,!ind!=!indica,!aus!=!aus,!determined!by!HDRA!
genomeTwide!informaDon).!(B)!DistribuDon!of!translated!
propepDde!lengths!across!107!Asian!rice!accessions!and!23!
African!rice!accessions.!We!defined!the!protein!length!class!
depending!on!amino!acid!length;!short=110!~!120!AA,!
medium=120~135!AA,!long=195~200!AA!(red=4C/short,!
blue=5C/medium,!green=6C/medium,!yellow=7C/long).!!
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Fig. S7. RAE2 diversity and distribution across Asian and African rice 
accessions. �

(Bessho- Uehara et al. 2016)�

GC tej trj aro aus ind Total
CH_1 . . . . . . . . . . . . . . . . . 24 . . . . . . . . . . . . . A . . . med 6C 2 1 3
CH_2 . . . . . . . . . . . . . . . . . 24 . . . . . . . . . . . . . . . . . med 5C* 1 1
CH_3 . . . . . . . . . . . . . . . . . 20 . . . . . . . . . . . . . . . . . short 4C 2 3 6 3 14
CH_4 . . . . . . . . . . . . . . . . . 20 . . . . . . . . . . . . . . C . . short 4C 3 3
CH_5 . . . . . . . . . . . . . . . . . 22 . . . . . . . . . . . . . . C . . long 7C 1 1
CH_6 . . . . . . . . . . . . . . . . . 22 . . . . . . . . . . . . . . . . . long 7C 2 6 11 19

Total
WH_1 . . . . 30 . . . . . . . . . . . . 24 . . . . . . . . . T . . . . . . . med 6C 2
WH_2 . . . . . . 60 . . . 60 60 . . . . . 24 . . . . . . . . . . . . . . . C . med 6C 1
WH_3 . . . . . . . 3+ . . 60 . . . . . . 24 . . . . . C . . . . . . . . . C . med 6C 1
WH_4 . . . . . . . . . . 60 . . . . . . 24 . . . G C C . . A . . . . . . C . med 6C 1
WH_5 . . . . . . . 3+ . . 60 . . . . . . 24 . . . G C C . . A . . . . . . C . med 6C 1
WH_6 . . . . . . . . . . 60 . . . . . . 24 . . . G C . . . . . . . . . . . . med 6C 1
WH_7 . . . . . . . . . . . . . . . . . 24 . . . G C . . . . . . . . . . C . med 6C 2
WH_8 . . . . 30 . . . . . . . . . . . . 20 . . . . . . . . . T . . . . . . . short 4C 2
WH_9 . . . . 30 . . . . . . . . . . . . 20 . . . . . . . . . T . . . . C . . short 4C 3
WH_10 . . . . 30 . . . . . . . . . . . . 22 . . . . . . . . . T . . . . . . . long 7C 11
WH_11 . . . . 30 . . . . . . . . . 0 . . 22 . . . . . . . . . T . . . . . . . med 5C* 1
WH_12 . . . 10 . . . 3+ . . 60 . T . . . . 15 . . . . . . . . . . . . . . . . . med 6C 3
WH_13 . . . 10 . . . 3+ 3+ . 60 . T . . . . 15 . . . . . . . . . . . . . . . . A med 6C 1
WH_14 . . . 10 . . . 3+ . . 60 . T . . . . 15 . . . . . . . . . . . . . . . . A med 6C 1
WH_15 . . . 10 . . . 3+ . . 60 . T . . . . 15 . . . . . . . . . . . . T . . . A med 6C 2
WH_16 . T . . . 30 60 . . . 60 . . . . . . 15 . . . . . . . . . . . . . . . . A med 6C 3
WH_17 . . . . . . . . . . 60 . . . . . . 15 . . A . . . . . . . . . . . . . . med 6C 1
WH_18 A . . . . . . . . . 60 . . . . . . 15 . . A . . . . . . . . . . . . . . med 6C 3
WH_19 . . . . . . . . . . 60 . . C . . . 15 . . . . . . . . . . A . . . . . . med 6C 2
WH_20 . . . . . . . . . . 60 . . . . . 15 15 . . . . . . . C . . . . . . . . . short 4C 1
WH_21 . . . . . . . . . . 60 . . . . . . 15 . . . . . . . C . . . . . . . . . med 6C 3
WH_22 . . . . . . . . . . 60 . . . . . . 15 . . . . . . . . . . . . . . . . . med 5C* 1
WH_23 . . . . . . . . . . 60 . . . . . . 15 . . . G C . . . . . . T . . . C . med 6C 1
WH_24 . . . . . . . 3+ 3+ . . . . . . . . 15 . . . G C . . . . . . T . . . C . med 6C 1
WH_25 . . . . . . . . . . . . . . . . . 15 . . . . . . . . . . . T . . . C . med 6C 1
WH_26 . . . . . . . . . . . . . . . . . 15 . . . . . . . . . . . . . . . . . med 6C 1
WH_27 . . . . 30 . . . . . . . . . . . . 21 . . . . . . . . . T . . . . . . . med 6C 2
WH_28 . . . . 30 . . . . . . . . . . . G 21 . . . . . . . . . T . . . . . . . med 6C 1
WH_29 . . . . . . 60 . . . 60 60 . . . . . 21 . . . . . . . . . . . . . . . . . med 6C 2
WH_30 . . . . . . . . . T 60 . . . . . . 21 6+ C . . . . A . . . . . T . . . . med 6C 2
WH_31 . . . . . . . . . . . . . . . . . 21 . . . G C . . . . . . . . . . C . med 6C 2
WH_32 . . . . . . . . . . 60 . . . . . . 23 . . . G C . . . . . . . . . . . . short 4C 1
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Total
AFH_1 . . . . . . . . . . . . . . . . . 18 . . . . . . . . . . . . . . . . . med 6C 11 5 16
AFH_2 . C . . . . . . . . . . . . . . . 18 . . . . . . . . . . . . . . . . . med 6C 1 1
AFH_3 . . G . . . . 3+ 3+ . . . . . . . . 18 . . . . . . . . . . . . . . . . . med 6C 4 4
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Fig.%S8.%Different%types%of%RAE2%and%defini+on%of%each%func+on%for%awn%elonga+on.%!
(A)!RelaDve!expression!levels!of!RAE2!in!young!panicles!of!transgenic!lines!of!
overexpression!construct;!4C,!5C,!6C,!7C.!OsUBI!used!as!internal!control.!(B)!
Frequency!of!awned!seeds!per!panicle,!(C)!awn!length!in!each!overexprssion!lines.!
We!measured!10!transgenic!plants!per!each!line.!n.d.=not!detected.!Error!bars!

represent!standard!deviaDon!of!the!mean.!We!used!NSFTV223!(listed!in!Table!S4)!

genomic!DNA!for!making!5C!construcDon!in!this!experiments.!Since!our!study!

suggested!that!conserved!cysteine!residues!number!is!important!for!RAE2!

conformaDon,!we!expect!the!other!two!singletons!of!5C!type!RAE2!(derived!from!

NSFTV673!and!NSFTV762)!lose!those!funcDon.!�

(Bessho- Uehara et al. 2016)�
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Fig. S9. Awn phenotypes of CSSLs and the number of RAE2 cysteine 
residues.  
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WBSL18 RSL23 GLSL25 Koshihikari 

(Bessho- Uehara et al. 2016) 

Koshihikari(4C) 1 MRTAATPPLAAAAAAVAAVFLSALLLASASASASRLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 70
GLSL25(6C) 1 MRTAATPPLAAAAAAVAAVFLSALLLASAS----RLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 66
WBSL18(6C) 1 MRTAATPPLAAAAAAVAAVFLSALLLASASA--SRLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 68
RSL23(7C) 1 MRTAATPPLAAAAAAVAAVFLSALLLASASASASRLPPPRRLLPLVGGEVAVAVVAGEEEKVRLGSSPPS 70

Koshihikari(4C) 71 CYSKCYGCSPCVAVQVPTLSAPSVPAAAAPRT--------------------TPRR-----SWRRSPTTS 115
GLSL25(6C) 67 CYSKCYGCSPCVAVQVPTLSAPSVPAAAAAHD-------------------AAPLVA----TFTNYKPLG 113
WBSL18(6C) 69 CYSKCYGCSPCVAVQVPTLSAPSVP-AAAAHD-------------------AAPLVA----TFTNYKPLG 114
RSL23(7C) 71 CYSKCYGCSPCVAVQVPTLSAPSVPAAAAAAARRRAARGDVHQLQAARVEVPVPRPPVRPLTLRRARPVA 140

Koshihikari(4C) 116 R------------------------------------------------------- 116
GLSL25(6C) 114 -----WKCQ--CRDRLFDP------------------------------------- 125
WBSL18(6C) 115 -----WKCQ--CRDRLFDP------------------------------------- 126
RSL23(7C) 141 RRGVAWRVHGGARARALAVNYGVCGRVACPAAHGAALLLMLVVVESLSSRRAERDC 196



Fig.%S10.%The%RAE2%matura+on%process%occurs%specifically%in%the%
spikelet.%!
(A)!The!model!of!secretory!pepDde!cleavage.!EPF/EPFL!family!
pepDdes!are!composed!of!a!signal!pepDde!region!(sp,!blue),!proT
pepDde!region!(pro,!green)!and!mature!pepDde!region!(ma,!pink).!
Ajer!transcripDon,!the!whole!pepDde!called!preTproTpepDde,!is!
cleaved!at!the!border!of!the!signal!pepDde!sequence!and!then!
forms!the!proTpepDde.!Disulfide!bond!formaDon!and!folding!
occurs!in!the!endoplasmic!reDculum!before!the!proTpepDde!is!
secreted!into!the!extracellular!matrix.!Further!cleavage!occurs!in!
the!border!between!the!proTpepDde!and!mature!pepDde!region.!
(B)!The!membrane!stained!by!ponceau!S!(Wako,!Japan)!as!loading!
control!of!Fig.4A.!Total!protein!amount!is!30!µg!in!each!lane.!(C)!
The!procedure!of#in#vitro!processing!assay.!Scissors!drawing!is!the!
image!of!protease!cleaving!the!RAE2!cleavage!site.!(D)#in#vitro#
processing!assay!of!recombinant!RAE2!proTpepDde!fused!with!
3xFLAG!tag!incubated!with!plant!extracts!of!Koshihikari!spikelet!or!
buffer!(mock).!Fusion!pepDde!and!cleaved!pepDdes!were!detected!
by!anDTRAE2!anDbody.!The!other!details!are!same!as!described!in!
Fig.!4C.#(E)!in#vitro!processing!assay!with!or!without!protease!
inhibitor!cocktail,!Complete!(Roche,!Basle).!SE=!spikelet!extract.!
The!other!descripDon!is!same!as!described.!



Fig. S10.  The RAE2 maturation process occurs specifically in the spikelet.�

(Bessho- Uehara et al. 2016)�

B� Callus    Stem   Leaf   Spikelet  �

25�

15�

10�

(kD)�

A�

C�

Pre-Pro-peptide� Mature-peptide 

Signal peptide cleavage 

C1�
C2�

C3�
C4�C6�

C5�

Pro-peptide�

Pro-peptide cleavage 
and secretion 

pro sp�
C1�

C2�

C3�
C4�

C6�

C5�
ma 

Disulfide bond formation 
and folding 

D�

10�

30�
Mock   +SE �

*�

-tag + pro�

-ma�

(kD)�

Tag%fusedNPro%
28%kD%

MAN3xFLAG%%
11%kD%

SE!
(Spikelet!Extract)�

TrxT6xHisTStagT!
proRAE2!pepDde�

+�
3xFLAG�

2%h%x%R.T.�
Detected!by!FLAGTab�

Detected!by!RAE2Tab�

10�

30�

Mock   +SE �
+SE  

+inhibitor�

*�

-tag + pro�

-ma�

(kD)�E�



Fig.%S11.%Specific%expression%pa\ern%of%SLP1.%!
(A)!SpaDoTtemporal!expression!data!of!SLP1!from!the!rice!

expression!database,!RiceXpro!(htp://ricexpro.dna.affrc.go.jp/).!

Samples!were!used!for!hybridizaDon!using!the!Agilent!oneTcolor!

(Cy3)!microarrayTbased!gene!analysis!system.!The!expression!

profile!is!shown!as!raw!data!represenDng!Cy3!signal!intensity!

and!normalized!data!(log2).!SLP1#was#specifically!expressed!in!
the!young!inflorescence!(0.6!mm!–!1.0!mm,!green!colored!bar)!

and!moderately!expressed!in!the!lemma!and!palea!(4.0!mm!–!

7.0!mm,!blue!colored!bar).!(B)!semiTquanDtaDve!PCR!result!of!

SLP1#by!primers!KU144!and!KU146!(Table!S7).!The!template!

which!is!extracted!from!Koshihikari!is!the!same!as!the!one!used!

in!qRTTPCR!in!Fig.!2A.!LS=!leaf!sheath,!LB=!leaf!blade,!IN=!

internode,!RO=!root,!PA=!young!panicle.!We!used!OsACTIN1!as!
internal!control.!(C)!The!ion!spectrum!of!SLP1!pepDde:

!
543T

SAIMTTAITGDNDSGKIRT560!idenDfied!ajer!iTRAQ!labeling!and!

LCTMALDI!MS/MS!analysis!using!ProteinPilot!sojware!5.0!AB!

SCIEX.!(i)!IdenDfied!pepDde!using!detected!bT!and!yTT!ion!series,!

(ii)!MS/MS!fragmentaDon!spectra,!(iii)QuanDtaDon!of!iTRAQ!

report!ions:!The!peak!of!#1!and!#2!were!extracted!from!

Koshihikari!spikelets!labeled!with!114,!115!iTRAQ!reagents!

respecDvely.!TrypDc!pepDdes!from!in#vitroTtranslaDon!SLP1,!and!
syntheDc!SLP1!pepDde!were!labeled!with!116,!117!iTRAQ!

reagents!respecDvely.!



Fig. S11. Specific expression pattern of SLP1 .�
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Fig.%S12.%Detec+on%of%the%cleavage%site%of%RAE2%by%in%vitro%
processing%assay.%!
(A)!The!product!ion!spectrum!for!the!syntheDc!RAE2!pepDde!

ajer!in#vitro#processing!reacDons!incubated!with!SLP1!
synthesized!by!in#vitro#translaDon!(correlated!with!Fig.4D).!The!
producDon!of!spectra!are!annotated!for!b!and!y!ion!series,!using!

the!Paragon!algorithm!and!the!lej!table!shows!the!idenDficaDon!

results!for!the!pepDdes!using!ProteinPilot!5.0.!(B)!Mass!

spectrometry!of!in#vitro!processing!reacDons!of!the!series!of!
amino!acid!subsDtuted!syntheDc!pepDdes!of!RAE2!incubated!

with!in#vitroTsynthesized!SLP1.!Lej!lane!(enDtled!cleaved)!and!
right!lane!(enDtled!uncleaved)!showed!that!muTsynRAE2!which!

could!or!could!not!be!cleaved!by!SLP1!respecDvely.!Red!tangle!

indicates!the!fragment!cleaved!between!P65!and!S66.!The!table!

in!lower!lej!shows!the!summary!of!the!result;!o!and!x!are!

consistent!with!cleaved!and!uncleaved.!There!are!two!peaks!

which!we!infer!the!reason!described!in!Fig.4D!(*!=!54T

EEEKVRLGSSPPSCYSKT70,!**!=!54TEEEKVRLGSSPPT65).!IncubaDon!

of!panicle!extracts!and!syntheDc!RAE2!pepDdes!represented!

same!results!using!SLP1!product!of!in#vitro!translaDon!(data!not!
shown).!SLP1#was!unable!to!cleave!syntheDc!pepDdes!with!
mutaDons!around!the!amino!acid!posiDons!P65!and!S66!



A�

B�

Fig. S12. Detection of the cleavage site of RAE2 by in vitro processing assay.�

(Bessho- Uehara et al. 2016)�
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Fig.%S13.%Sequence%and%amino%acid%structure%of%SLP1.%!
(A)!SchemaDc!image!of!SLP1.!WhiteTcolored!boxes!in!the!gene!
model!indicate!exonic!regions,!and!the!line!represents!the!
intronic!regions!of!SLP1.!Red!bars!represent!SNPs!posiDon!and!
yellow!triangle!represent!inserDon!in!CG14!(O.#glaberrima)!
compared!with!Nipponbare!(O.#sa/va#ssp.!japonica).Blue!arrow!
represents!the!pepDdase!S8!domain,!purple!arrow!represents!
the!proteaseTassociated!domain,!red!arrow!represents!the!
serineTacDve!site!according!to!SwissTprot.!(B)!Sequence!
comparison!of!SLP1!amino!acid!in!Nipponbare!(O.#sa/va#ssp.!
japonica)!and!CG14!(O.#glaberrima).!Blue!square!shows!the!
pepDdase!S8!domain,!the!purple!and!red!arrows!represent!the!
proteaseTassociated!domain!and!the!serineTacDve!site,!
respecDvely.!



Fig. S13. Sequence and amino acid structure of SLP1. 

(Bessho- Uehara et al. 2016) 

A 

B 

O. sativa 1 MQTYVIVFDGLPASPSGLLATVVTSFQLLYVLSPIQVIVVQIDESFVGVIKQLPGVLAVIPDVLHKVHTT 70
O. glaberrima 1 MQTYVIVFDGLPASPSGLLATVVTSFQLLYVLSPIQVIVVQIDESFVGVIKQLPGVLAVIPDVLHKVHTT 70

O. sativa 71 RSWDFLELERNGAATGAWKDAAKYGVDAIIGNVDTGVWPESASFKDDGYSVPSRWRGKCITGNDTTFKCN 140
O. glaberrima 71 RSWDFLELERNGAATGAWKDAAKYGVDAIIGNVDTGVWPESASFKDDGYSVPSRWRGKCITGNDTTFKCN 140

O. sativa 141 NKLIGAGFFNLGFLASGLLQGKPPSQAAELYTPRDYIGHGTHTLSTAGGGFVPDASVFGHGKGTAKGGSP 210
O. glaberrima 141 NKLIGTGFFNLGFLASGLLQGKPPSQAAELYTPRDYIGHGTHTLSTAGGGFVPDASVFGHGKGTAKGGSP 210

O. sativa 211 LARVAAYKACYAEGCSSSDILAAMVTAVEDGVNVLSLSVGGPADDYLSDPIAIGAFYAVQKGVIVVCSAS 280
O. glaberrima 211 LARLAAYKACYAEGCSSSDILAAMVTAVEDGVNVLSLSVGGPADDYLSDPIAIGAFYAVQKGVTVVCSAS 280

O. sativa 281 NSGPQPGSVTNVAPWILTVGASTMDRDFPAYVTFGGVTSSMTIKGQSLSNSTLPQGQRYAMINAKNANAA 350
O. glaberrima 281 NSGPQPGSVTNVAPWILTVGASTMDRDFPAYVTFGGVTSSMTIKGQSLSNSTLPQGQRYAMINAKNANAA 350

O. sativa 351 NVPSENSTLCFPGSLDSDKVRGKIVVCTRGVNARVEKGLVVKQAGGVGMVLCNYAGNGEDVIADPHLIAA 420
O. glaberrima 351 NVPSENSTLCFPGSLDSDKVRGKIVVCTRGVNARVEKGLVVKQAGGVGMVLCNGAGNGEDVIADPHLIAA 420

O. sativa 421 AHVSYSQCINLFNYLGSTDNPVGYITASDARLGVKPAPVMAAFSSRGPNPITPQILKPDITAPGVSVIAA 490
O. glaberrima 421 AHVSYSQCINLFNYLGSTDNPVGYITASDARLGVKPAPVMAAFSSRGPNPITPQILKPDITAPGVSVIAA 490

O. sativa 491 YSEAVSPTELSFDDRRVPYNIMSGTSMSCPHVSGIVGLIKTKYPDWTPAMIKSAIMTTAITGDNDSGKIR 560
O. glaberrima 491 YSEAVSPTELSFDDRRVPYNIMSGTSMSCPHVSGIVGLIKTKYPDWTPAMIKSAIMTTAITGDNDSGKIR 560

O. sativa 561 DETGAAATPFAYGSGHVRSVQALDPGLVYDTTSADYADFLCALRPTQN--PLPLPVFGDDGKPRACSQGA 628
O. glaberrima 561 DETGAAATPFAYGSGHVRSVQALDPGLVYDTTSADYADFLCALRPTQNPLPLPLPVFGDDGKPRACSQGA 630

O. sativa 629 QYGRPEDLNYPSIAVPCLSGSATVRRRVKNVGAAPCRYAVSVTEALAGVKVTVYPPELSFESYGEEREFT 698
O. glaberrima 631 QYGRPEDLNYPSIAVPCLSGSATVRRRVKNVGAAPCRYAVSVTEALAGVKVTVYPPELSFESYGEEREFT 700

O. sativa 699 VRLEVQDAAAAANYVFGSIEWSEESESDPDRKHRVRSPIVAKTTCG 744
O. glaberrima 701 VRLEVQDAAAAANYVFGSIEWSEESESDPDRKHRVRSPIVAKTTCG 746

1 4246 

Peptidase S8 

PA (Protease associated) 

Ser-active site 



Table S1.  The awn phenotype of transgenic lines and parental lines. 

(Bessho- Uehara et al. 2016) 

* P < 0.05 based on two-tailed Student’s t test. 

  Number of seeds 
awn length(mm) 

Frequency of awned 

seeds(%)   Awned Awnless 

WCSL26 237 14 26.6±0.84* 96.1±6.52* 

Nipponbare 0 261 0 0  

pGW501(V.C.) (line1) 0 223 0 0  

pGW501(V.C.) (line2) 0 129 0 0  

pGW501(V.C.) (line3) 0 217 0 0  

pRAE2::RAE2 (line 1) 230 11 25.2±0.73* 95.4±3.43* 

pRAE2::RAE2 (line 2) 259 36 28.3±0.62* 87.8±4.25* 

pRAE2::RAE2 (line 3) 213 12 15.1±0.68* 94.7±8.15* 

GIL116 143 143 20.2±2.82 100±0.0 

T65 0 242 0.0±0.0 0.0±0.0 

pANDA(V.C)  (line1) 49 1 16.8±3.09 98.3±1.08 

pANDA(V.C) (line2) 55 0 17.5±5.38 100±0.0 

pANDA(V.C) (line3) 12 0 23.2±3.56 100±0.0 

OgAWN2-RNAi (line 1) 25 5 10.1±2.06* 83.3±8.15 

OgAWN2-RNAi (line 2) 23 3 7.4±3.04* 84.5±6.53 

OgAWN2-RNAi (line 3) 26 6 8.5±2.13* 81.3±4.78 

pCAMBIA(V.C.) (line1) 0 41 0 0 

pCAMBIA(V.C.) (line2) 0 35 0 0 

pCAMBIA(V.C.) (line3) 0 33 0 0 

rae2(4C)ox (line1) 0 38 0 0 

rae2(4C)ox (line2) 0 42 0 0 

rae2(4C)ox (line3) 0 45 0 0 

rae2(5C)ox (line1) 0 50 0 0 

rae2(5C)ox (line2) 0 32 0 0 

rae2(5C)ox (line3) 0 34 0 0 

RAE2(6C)ox (line1) 25 15 23.8±5.24* 38.3±1.15* 

RAE2(6C)ox (line2) 29 18 19.8±2.56* 40.2±3.43* 

RAE2(6C)ox (line3) 24 13 24.5±3.17* 37.5±2.89* 

rae2(7C)ox (line1) 0 48 0 0 

rae2(7C)ox (line2) 0 51 0 0 

rae2(7C)ox (line3) 0 39 0 0 



Table S2. Germplasm information used for RAE2 diversity study. 

(Bessho- Uehara et al. 2016) 
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Table S2. Germplasm information used for RAE2 diversity study. 



Table S3. Seven different length polymorphisms in the GC-repeat region of RAE2. 

  nt length ***protein 
length class Cys no. wild Asian cult. Asian wild African cult. African 

African 18 medium 

5C/ 6C 

10 11 

Asian 

15 medium 25* 
21 medium 9 
24 medium 9 4 
20 short 

4C 
5 17 

23 short 1 
22 long 7C 12** 20     

*one accession showed short RAE2 protein length (4C) because of the 1 bp insertion in apart from GC-rich region 

**one accession showed medium RAE2 protein length (5C) because of the 1 bp insertion in apart from GC-rich region 

(Bessho- Uehara et al. 2016) 

***the classification of protein length class is described in Fig. S7B legend 



Table S4. Germplasm information used for RAE2 selective sweep analysis. 

(Bessho- Uehara et al. 2016) 
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Table S4. Germplasm information used for RAE2 selective sweep analysis. 



Table S5. RAE2 variants across the five subpopulations of O. sativa. 

Protein type tej trj aro aus ind 

Short (dysfunc.) 0.33 0.33 1.00 1.00 

Medium (func.) 0.33 0.18 

Long (dysfunc.) 0.33 0.55 1.00 

n 6 11 6 6 12 

(Bessho- Uehara et al. 2016) 



Table S6. The list of SP-8 type protease expressed in the spikelet. 
FeatureNum

No. Locus IDs Chromosome location Accession (Link to graph)
1 LOC_Os01g17160 chr01 AK119444 36860
2 LOC_Os01g50680 chr01 - 5682
3 LOC_Os01g52750 chr01 AK108195 17131
4 LOC_Os01g56320 chr01 AK070376 37342
5 LOC_Os01g58240 chr01 AK109067 14086
6 LOC_Os01g58260 chr01 AF200467 30347
7 LOC_Os01g58270 chr01 - 1768
8 LOC_Os01g58280 chr01 AK066488 6645
9 LOC_Os01g58290 chr01 AK100351 18445
10 LOC_Os01g6485 chr01 - -
11 LOC_Os01g64860 chr01 AK062271 19280
12 LOC_Os02g10520 chr02 AK120287 30014

AK106394 40115
13 LOC_Os02g16940 chr02 - 8596
14 LOC_Os02g17000 chr02 AK110825 25369
15 LOC_Os02g17060 chr02 - -
16 LOC_Os02g17080 chr02 - -
17 LOC_Os02g17090 chr02 AK072092 42776
18 LOC_Os02g17150 chr02 - 35042
19 LOC_Os02g44520 chr02 AK103515 33598

AK067099 34821
AK066478 41274

20 LOC_Os02g44590 chr02 AB037371 19329
AK072929 20201
AK100551 21433

21 LOC_Os02g53850 chr02 - 16087
22 LOC_Os02g53860 chr02 AK106527 5667

AK121728 42860
23 LOC_Os02g53910 chr02 - -
24 LOC_Os02g53970 chr02 AK070669 30949
25 LOC_Os03g02750 chr03 AK069220 12951
26 LOC_Os03g04950 chr03 - -
27 LOC_Os03g06290 chr03 AK071242 43120
28 LOC_Os03g13930 chr03 - 39736
29 LOC_Os03g31630 chr03 - 37303
30 LOC_Os03g40830 chr03 AK105749 29457
31 LOC_Os03g55350 chr03 AK101646 22817

AK103255 31812
32 LOC_Os04g02960 chr04 CI260116 1713
33 LOC_Os04g02980 chr04 - 4178
34 LOC_Os04g03060 chr04 - 16547
35 LOC_Os04g03100 chr04 - 26338
36 LOC_Os04g03710 chr04 - -
37 LOC_Os04g03800 chr04 - -
38 LOC_Os04g03810 chr04 AK062269 23506
39 LOC_Os04g03850 chr04 - -
40 LOC_Os04g10360 chr04 CB653384 32192
41 LOC_Os04g35140 chr04 AK105112 5780
42 LOC_Os04g45960 chr04 AK106823 12015

AY644644 15417
AY683198 21133

43 LOC_Os04g47150 chr04 AK100861 1851
44 LOC_Os04g47160 chr04 - 23449
45 LOC_Os04g48420 chr04 - -
46 LOC_Os05g30580 chr05 AK064686 5180
47 LOC_Os05g36010 chr05 AK067138 31360
48 LOC_Os06g06800 chr06 - -
49 LOC_Os06g06810 chr06 AK071415 24262
50 LOC_Os06g40700 chr06 AK109185 4261
51 LOC_Os06g41880 chr06 - 39167
52 LOC_Os06g48650 chr06 AK102835 3665
53 LOC_Os07g39020 chr07 AK107610 24754
54 LOC_Os07g48650 chr07 AK119348 41308
55 LOC_Os08g23740 chr08 - -
56 LOC_Os08g35090 chr08 CI043104 38603
57 LOC_Os09g26920 chr09 CI383807 8743
58 LOC_Os09g30250 chr09 CI269495 4777
59 LOC_Os09g36110 chr09 - 16075
60 LOC_Os10g25450 chr10 CI191448 30831
61 LOC_Os10g38080 chr10 AK069238 21727
62 LOC_Os11g15520 chr11 AK110921 33825
63 LOC_Os12g23980 chr12 - 23981

(Bessho- Uehara et al. 2016) 



Table S7. Primers used in this study. 

(Bessho- Uehara et al. 2016) 

Purpose name Sequence (5' -> 3')

Linkage mapping of RAE2 8KG23941 CACGCTTGTAAGGCTGAGTT

ATTCCGTATCCGAAAACCTC

8KG23994 TGGAACAACGTGAGATTGTC

GTTCCTGATCAGATTGTTGC

8KG23999 CATCCATCAACATGTCGTCG

CGCCATGTATAGTGTGATTCCG

8KG24021 TATCCTTCTTGGGTTCTTGC

TGAATGTGGTGCATTTCATC

BAC screening pk31 GCACCTCAGCCTGGTTTCAAG

pk32 GTAGTAGTTTGGTTGTTCTCTTGC

RAE2 promoter sequencing KU42 CCAAGATGACAGCATGCTACTG

KU43 CCAATTCTTTGTAACAAAGGGTAG

RAE2 coding region cloning KU32 CACCATGAGGACGGCGGCCACGCCGCCT

KU35 TCAGGGGTCGAACAGGCG

RAE2 RNAi construct RNAi-F CACCGATAGATTCCGTGTAATAT

RNAi-R ATATTACACGGAATCTATC

qRT-PCR of RAE2 KU37 ATTTTGACCAGACCACCTCG
KU38 CGCCCAGCTACTTATACCCA

qRT-PCR of ACT1 ACT1 RT-f GGATCCATCTTGGCATCTCTCA

ACT1 RT-r GGGCCAGACTCGTCGTACTC

qRT-PCR of UBQ5 UBQ5 RT-f AAACCCTAACGGGGAAGACCATAA

UBQ5 RT-r CCACAGTAATGGCGATCAAAATGA

in situ probe of RAE2 in situ-f AGCTTCTTGGTAGGCGAGGTGT

in situ-r GAAGAAGACGGCGAGGAGGA

3xFLAG primer KU71 CGACCATGGGATTACAAGGATGACGACGATAAGGACTATAAGGACGATGATGACAAGGATTACAAAGATG

KU72 CGACCATGGTTTATCGTCATCATCTTTGTAATCCTTGTCATCATCGTCCTTATAGTCCTTATCGTCGTCA

pACT::RAE2-3xFLAG KU73 ATGTCTAGAATGAGGACGGCGGCCACGCC

KU75  CTAAGCTTACGGGGTCGAACAGGCGGTCGC

recombinant RAE2 pro-peptide PRO-f CCGATATCAGGCTCCCTCCTCCTCGC

PRO-r GGTGCTCGAGCTACCATGGTTTATCGTCAT

recombinant RAE2 mature peptide MA-f GATCGGATCCCGGCTGGGGTCGAGCCCGCC

MA-r CCCAAGCTTTCAGGGGTCGAAC

Alanine substituted construct #1 KU132 GAGGAGAAGGTGCGGGCGGCGGCGGCGGCGGCGAGCTGCTACAGCAAGTGC

KU133 CCCGTAGCACTTGCTGTAGCAGCTCGCCGCCGCCGCCGCCGCCCGCACCTTCTC

Alanine substituted construct #2 KU111 GGGGAGGAGGAGGCGGCGCGGCTGGGGTCG

KU112 CAGCCGCGCCGCCTCCTCCTCCCCAGCCAC

Alanine substituted construct #3 KU113 GAGGAGGAGAAGGCGGCGCTGGGGTCGAGC

KU114 CCCCAGCGCCGCCTTCTCCTCCTCCCCAGC

Alanine substituted construct #4 KU121 GCTGTAGCAGCTCGCCGCGCTCGACCCCAG

KU122 CTCGACCCCAGCCGCACCGCCGCCGCCTCCCCAGC

SLP1 cloning KU127 CACCATGCAGACTTATGTGATCGTCTTTG

KU139 GGAATTCCCTACCCGCAGGTCGTCTTG

semi qRT-PCR of SLP1 KU144 CGTGTCCCCTACAACATAATGTCC

KU146 GATCTTGCCGCTGTCGTTGTC

in vitro translation of SLP1 FLAG-f CCAGCAGGGAGGTACTATGCAGACTTATGTGATCGT

FLAG-r CCTTATGGCCGGATCCAAGAGCTCTTTTTTTTTTTTACCCGCAGGTCGTCTTG


